Summary.
After a monocular injection of tritiated proline into the vitreous chamber of the eye, the distribution of labeled retinal termination in the hypothalamus of the crabeating monkey was investigated by autoradiography.
The results indicated that a few retinofugal fibers might terminate bilaterally in the lateral hypothalamic areas through the level of the anterior commissure to the infundibulum as well as the suprachiasmatic nuclei.
The labeled fibers to the lateral hypothalamic area seemed to leave the dorsocaudal border of the optic chiasma in a dorsolateral direction and then coursed both rostrally and caudally above the supraoptic nucleus: these fibers might progressively diminish in number at more rostra! and caudal levels.
Further, small clusters of developed silver grains were found bilaterally in the caudal part of the lateral preoptic nuclei.
Recently developed techniques for neuroanatomical tracing have helped to ascertain the direct connection between the suprachiasmatic nucleus and the retinof ugal fibers in a variety of mammals (MooRE and LENN, 1972; MOORE,1973; THORPE,1975; STANFIELD and COWAN,1976; TIGGES, Bos and TiGGES, 1977) . More recently, MAI's report (1979) showed retinal projections into the lateral hypothalamic area as well as a suprachiasmatic nucleus in the enucleated rat. Reviews of MAI's and other related papers (CONRAD and STUMPF, 1975; SILVER and BRAND, 1979) raised the question as to whether monkey retinal fibers terminate in an anterior hypothalamic region other than the suprachiasmatic nucleus. It therefore seemed of interest to examine the distribution of retinohypothalamic endings in the monkey using the autoradiographic method. This paper describes the retinal projection to the suprachiasmatic nucleus and other hypothalamic structures, being reported for the first time in the Old World monkey. An abstract of the findings has been presented elsewhere (NAKAGAWA and TAMAI, 1981) .
MATERIALS AND METHODS
Four crab-eating monkeys (Macaca irus) were used. The animals were anesthetized with Nembutal, then surgically treated and sacrificed. Each monkey received a single injection of 500-1,000 pCi of L-[2, 3-3H] proline (New England Nuclear) into the vitreous 207 chamber of the unilateral eye either three or ten days before sacrifice. Injection protocols are detailed in Table 1 . Form alin-perfused brains were cut in the frontal plane at 40 j m on a freezing microtome. Two series (each in 10 sections) of sections were coated with Kodak NTB-2 nuclear track emulsion, diluted 1:1 with 0.1% sodium sulfosuccinate solution, and stored at 0' C. One series was developed after 8 weeks and the second series after 12 weeks of exposure and then counterstained according to Nissl (COWAN et al., 1972) . Another series (not coated with emulsion) was stained in accordance with Heidenhain-Woelcke's hematoxylin for myelin. The sections were numbered successively, beginning with the most anterior. Section numbers have been kept in the illustrations.
The terminology for hypothalamic nuclei follows the nomenclature of SHANTHA et al. (1968) .
RESULTS
A summary of the results obtained in this study is shown in Figure 1 . The distribution of developed silver grains overlying retinofugal fibers was followed from the monocular injection, through the optic nerve and into the optic chiasma. In the optic nerve, the label was concentrated over the peripheral portion of the nerve and slightly diminished centrally.
At the level of the caudal third of the optic chiasma, labeled fibers were seen leaving the main optic tract in a dorsolateral direction and running both rostrally and caudally through the lateral hypothalamic areas just ventral to the supraoptic nucleus on the bilateral side, showing a crescent shape (Fig. 3) . Strands and clusters of developed silver grains, suggesting the existence of retinofugal fibers or axonal terminations, were found throughout the anterior part of the lateral hypothalamic areas to the level of the infundibulum (Fig. 4) . Further, a few linear arrangements and small foci of silver grains were seen bilaterally in the caudal part of the lateral preoptic nuclei (Fig.  1, 5) . In one monkey (M-001), a linear arrangement of silver grains passing to the Note a moderate amount of developed silver grains just ventral to both suprachiasmatic nuclei (arrows). Clusters and strands of silver grains indicating radioactive material most likely in axons were also found bilaterally over the lateral hypothalamic areas. Och optic chiasma, III third ventricle.
Cresyl violet stain. x20 middle of the lateral wall of the third ventricle was observed at the most rostral level. Subsequent to long survival time after monocular injection of radioactive amino acid (M-002), there was no evidence that the labeling was indicative of a secondary retinal input from the suprachiasmatic nucleus to other areas. Based on the densities of the silver grains, the ipsilateral area received slightly stronger retinal input than the contralateral one.
Dense silver grains were also found over the bilateral suprachiasmatic nucleus (Fig. 2) . The label was concentrated over the ventral portion of both nuclei and diminished dorsally to near background levels over the dorsal part of the nucleus. While there was a small zone devoid of silver grains between the contralateral suprachiasmatic nucleus and the labeled fibers in the optic chiasma, such a zone was absent in the ipsilateral nucleus. Throughout its whole area, the ipsilateral nucleus showed heavier labeling than the contralateral nucleus; this finding is in good agreement with corresponding results in the chimpanzee (TIGGES, Bos and TIGGES,1977) . The supraoptic and paraventricular nuclei were seen to be free of labeling in all the monkeys.
DISCUSSION
The present results confirm and extend previous findings (MooRE,1973) on the retinohypothalamic connection in the Old World monkey; the retinal projection to the hypothalamus may be considerably more widespread than previously believed, with optic input to the bilateral lateral preoptic and hypothalamic nuclei. Although the grains above the background level over these nuclei could be interpreted as being indicative of a monosynaptic relationship between the retinal efferent and these nuclei, the following question arises: are these grains indicative of transneural labeling or a diff usional spread from a zone of heavy labeling into an adjacent region? To check this possibility, we altered both the survival time and the amount of injected radioactivity. Together with already established afferents from the suprachiasmatic nucleus (SWANSON and COWAN,1975; FAVROD and KUCERA,1977) , results obtained in this study support the view that the distribution of developed silver grains in the hypothalamus may be indicative of a monosynaptic pathway of retinal axons. There are a few reports which give neuroanatomical support for this idea. CONRAD and STUMPF (1974) reported retinal fibers passing to the anterior hypothalamic area in the tree shrew. MAI (1979) described the distribution of retinal endings within the lateral hypothalamic area in the enucleated rat. Our results were basically similar to those by MAI (1979) . There were, however, a few differences: labeled endings in the monkey were more widely distributed than those reported in the rat. MAI also showed that labeling was heavier in the contralateral area than in the ipsilateral one after a monocular injection of radioactivity amino acid into the enucleated rat. Contrary to this, the ipsilateral area showed a slightly heavier labeling than the contralateral area in the crab-eating monkey.
This might be due to species' difference in the rate of optic nerve decussation in the chiasma.
The exact functional role of the direct retinal input to the hypothalamus other than the suprachiasmatic nucleus remains to be further studied. However, in consideration of the evidence that labeled areas are anatomically related to the limbic system (NAUTA and HAYMAKER, 1969; SWANSON, 1976) , the present results suggest that this pathway may influence visual stimuli upon the limbic system.
